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PROTEINS INVOLVED IN THE
REGULATION OF CELL— CELL ADHESION
AND USES THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

The present application 1s a continuation-in-part of PCT
application PCT/GB95/02686 filed Nov. 16, 1995.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to certain proteins which
may be involved in regulating physiological changes (e.g.
changes in cell-cell adhesion) and to uses thereof.

Cell adhesion 1s important for a wide variety of regulatory
and developmental processes. The cadherins comprise a
family of transmembrane, cell surface glycoproteins that
mediate Ca”*-dependent cell-cell adhesion in a homotypic
manner (Takeichi, 1991). In cells with well developed
intercellular junctions, the cadherins are localized to the
adherens junction (Boller et al., 1985) but appear to influ-
ence other itercellular junctions such as gap junctions
(Matsuzaki et al., 1990; Musil et al., 1990) and tight junc-
tions (Gumbiner and Simons, 1986; Gumbiner et al., 1988).
The adherens junction also plays a crucial role i the
development and maintenance of cell polarity (see Nelson,
1992) and its dysfunction has been strongly implicated in the
invasiveness and carcinogenesis of tumour cells (see e.g.
Behrens et al., 1989; Frixen et al., 1991; Vleminckx et al.,
1991; Shimoyama et al., 1992; and Hedrick et al., 1993;
Tsukita et al., 1993; Birchmeier and Behrens, 1994).

The conserved cytoplasmic domain of cadherins 1s known
to associate with three proteins, termed o.-p-and y-catenin
(Pzawa et al., 1989), which serve to link cadherins to the
actin-based cortical cytoskeleton (Hirano et al., 1987). The
association of cadherins with catenins 1s essential for inter-
cellular Ca®*-dependent adhesiveness (Nagafuchi and
Takeichi, 1988; Ozawa et al., 1990; Kintner, 1992).
a.-catenin is homologous to vinculin (Herrenknecht et al.,
1991; Nagafuchi et al., 1991), making it a good candidate for
interaction with the actin-based cytoskeleton (see Ozawa et
al., 1990; Hirano et al., 1992). -catenin is homologous to
the Drosophilia segment polarity gene armadillo, suggesting
a role in developmental signalling in vertebrates (McCrea et
al., 1991). y-catenin is probably identical to plakoglobin
(Knudsen and Wheelock, 1992; but see Piepenhagen and
Nelson, 1993), which again is homologous to armadillo (see
Franke et al., 1989; Peifer and Wieschaus, 1990). Indeed,

B-catenin and plakoglobin appear to form a multigene
family (Peifer et al., 1992)

A repeating 42 amino acid motif that was originally
identified in armadillo (Riggleman et al., 1989) has also
been found 1n several other proteins, including [3-catenin and
plakoglobin, with a variety of functions (Peifer et al, 1994).
These mnclude the APC gene product, a tumor suppressor
protein (Kinzler et al., 1991), p120, a pp60°'“ substrate
(Reynolds et al., 1992), smgGDS, an exchange factor for
ras-related G proteins (Kikuchi et al., 1992), a suppressor of
RNA polymerase I mutations in yeast (Yano et al., 1992;
1994) and band 6 protein, a major desmosomal constituent
(Hatzfeld et al., 1994). The function of the repeats in these
arm proteins 1s unknown. Interestingly, the APC gene prod-
uct associates with f3-catenin (Rubinfeld et al., 1993; Su et
al., 1993), supporting an important role for catenins in
intracellular processes that regulate cell growth.
Furthermore, this 1llustrates that cadherins are not exclusive
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2

cellular partners of catenins, raising the possibility of other
interactions among catenins, cadherins and arm proteins,
important 1n a variety of biological processes.

p120 was 1nitially identified as one of several substrates of
the tyrosine kinase pp60°™ (Reynolds et al., 1989; Kanner et
al., 1990). It 1s membrane-associated and can be
myristoylated, but does not appear to be glycosylated
(Kanner et al., 1991). Mutational analysis suggested that
tyrosine phosphorylation of pl20 1s necessary for of
pp60~*“-mediated cellular transformation (Linder and Burr,
1998/ Reynolds et al., 1989). Tyrosine phosphorylation of
pl120 was also observed in response to epidermal growth
factor, platelet-derived growth factor, colony-stimulating
factor 1 and 1n polyoma virus middle T antigen-transtormed
cells (Dowing and Reynolds, 1991; Kanner et al., 1991), but
the exact role of p120 1n cellular physiology and pathology
was not clear.

SUMMARY OF THE INVENTION

According to the present invention, there 1s provided a
protein having a molecular weight of about 100 kDa which
1s associated 1 vivo with the cadherin/catenin complex of
epithelial or endothelial cells (e.g. by binding). This protein
1s referred to herein as “pl00”. pl100 1s immunologically

related to p120 by virtue of cross-reactivity of antibody to
p120 with p100.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Partial amino acid sequence data of human p100 1s given
in FIG. 9 (SEQ ID NOS.: 1 through 5) where it 1s compared
with sequence data already available for mouse p120 (SEQ
ID NOS.: 1 and 6 through 9). The present invention covers
the specific protein of molecular weight of about 100 kDa
described 1n the present examples and other proteins having
substantial amino-acid homology therewith (excluding
p120, and optionally also excluding proteins having greater
amino acid homology with p120 than with p100). Human
p100 1s particularly preferred.

The term “substantial amino acid homology” 1s used
herein to cover proteins having at least 50%, preferably
more than 90% or more than 95% amino acid homology
with another protein. The present invention also covers
fragments of these proteins or of pl00 1itself. Preferably
these fragments are at least twenty amino acids long, more
preferably they are at least fifty or at least one hundred
amino acids long. These proteins or fragments may be
partially or totally tyrosine phosphorylated. They may be
provided 1n glycosylated or non-glycosylated form. Desir-
ably they are provided in substantially pure form. One
definition of “substantially pure form™ 1s a form which 1s
substantially free of other proteins.

The present invention also includes nucleic acid
sequences (preferably DNA sequences) coding for the above
mentioned proteins or fragments. These sequences may be 1n
1solated form. They may be incorporated as part of a
recombinant nucleic acid molecule e.g. as part of a vector.
The vector may be incorporated mto a host cell and used for
expression of pl00.

Nucleic acid sequences complementary to the aforesaid
sequences may be useful in antisense studies to alter the
expression of gene products. Such sequences are therefore
also within the scope of the present mnvention.

In view of the data provided herein, it 1s believed that the
protein p100 may be involved 1n the regulation of cell tight
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junction permeability. Phosphorylation of one or more
tyrosine residues of pl00 may be involved 1n increasing
fight yjunctions permeability and dephosphorylation of one or
more tyrosine residues may be involved 1n decreasing tight
junction permeability. The above comments also apply 1n
respect of p120, which the present inventors have shown to
be 1mmunologically closely related to p100.

p100 and p120 are therefore usetul for studying cell-cell
adhesion generally and tight junction permeability 1n par-
ficular. They may therefore be used, for example, to 1nves-
figate the effect of tyrosine kinase and/or of tyrosine phos-
phatase on tight junction permeability. Variants of these
proteins may be prepared 1n order to investigate which
regions of pl00 or p120 are important 1n regulating tight
junction permeability.

Our data indicate that p120 and p100 associate with the
cadherin/catenin complex. Furthermore, since pl120 and
p100 are substrates for tyrosine kinases, it follows that p120
and pl100 proteins per se and the phosphorylation of these
proteins may influence cellular functions directly, and
indirectly, regulated by cadherins and catenins. Such an
influence could be mediated by the physical association
between pl120, pl100 and the cadherin/catenin complex, in
which case modulation could be achieved by enhancing or
blocking the expression of p120 and p100. Disruption of the
association could also be achieved, for example, by small
molecule mimetics of the site of binding. As indicated
above, the function of p120 and p100 may also be regulated
by their tyrosine phosphorylation, 1n which case appropriate
modulation of kinases and phosphatases could modulate the

function of cadherins and other cadherin-dependent pro-
CESSES.

p100 and p120 may be of utility 1n studying tumour cell
imnvasion and metastasis, breast cancer, colorectal cancer,
gastric carcinoma, gynaecological cancer, lung cancer,
oesophageal cancer, prostate cancer, scirrhous cancer, and
fissue regeneration, for example. Such studies could lead to
diagnostic methods or treatments of these disorders.

The Drosophilia gene product armadillo 1s homologous to
3-catenin and has been strongly implicated in developmental
processes. It 1s therefore possible that p120 and pl100, as
3-catenin-related proteins that interact with cadherins, may
also be mvolved 1 developmental defects and abnormali-
fies.

The present invention also provides an agent which alters
or blocks association between pl00 or pl20 with the
catenin/cadherin complex of epithelial or endothelial cells
for use 1n the treatment or diagnosis of a disease.

The disecase may be tumour cell invasion and metastasis,
breast cancer, colorectal cancer, gastric carcinoma, gynac-
cological cancer, lung cancer, oesophageal cancer, prostate
cancer, scirrhous cancer, or tissue regeneration.

The agent may be used for the preparation of a medica-
ment and may be used with a pharmaceutically acceptable
carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention will now be described by way of
Example only with reference to the accompanying drawings,
which are briefly described below:-

FIG. 1 (A-B). Characterization of anti-p120 and 2B12
immunoreactivity. Various cell lines and a primary culture of
bovine brain endothelial cells (Brain EC) were lysed in SDS
sample buffer and analyzed by SDS-PAGE followed by

immunoblotting with anti-p120 antibody (Panel A) or the
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2B12 antibody (Panel B). The exposure times were 1 minute
for Panel A (apart from that for the MDBK cells which was

10 seconds) and 15 minutes for Panel B. The migration of
p120 (o) and p100 (@) has been indicated.

FIG. 2 (A-B). p120 protein is recognized by the anti-p120
antibody and cross-reacts with the 2B12 antibody, whereas
p100 1s recognized only by anti-p120. MDBK cells were
lysed i TDS buffer. Immunoprecipitations were performed
using the anti-p120 antibody or 2B12 followed by cross-

blotting (Panel A). MDBK cells were chosen because p120
and pl100 are well separated by SDS-PAGE and react with
both antibodies. In Panel B, MDBK cells were labelled with
[°>S]methionine, lysed in TDS buffer and then immunopre-

cipitated using anti-p120 or 2B12. Proteins were separated
by SDS-PAGE and detected by autoradiography. Clearly, the

broad bands(Panel A and see FIG. 1 A) corresponding to
p120 and p100 as detected by immunoblotting are resolved
as multiple bands. The same bands as seen 1n the 2B12
immunoprecipitate (o) are seen in the anti-p120 immuno-
precipitates. In the anti-p120 immunoprecipitates, additional
bands (@) corresponding to p100 are also observed.

FIG. 3 (A-B). Comparison of anti-p120 and anti-E-
cadherin immunoprecipitates from MDCK and Caco-2 cells.
Panel A: MDCK cells were labelled with [°°S]methionine
and then lysed 1n either TX buffer or TDS buffer. Immuno-
precipitations were performed using anti-pl120 or anti-E-
cadherin (rrl). Proteins were separated by SDS-PAGE fol-
lowed by fluorography. Bands corresponding to E-cadherin
(E), a-(a) and f3-catenin ([3) which are seen strongly in the
rrl 1mmunoprecipitates have been indicated. The major
anti-p120 reactive band migrates at approximately the posi-
tion of that of p100 (see FIG. 1 A). 2B12 does not appear to
react with canine protein (see FIG. 1 B) making positive
identification of pl120 difficult. Panel B: Caco-2 cells were
labelled with [*°STmethionine and then lysed in TX buffer.
Immunoprecipitations were performed using anti-E-
cadherin (HECD-1), anti-f-catenin or anti-p120 antibodies.
Proteins were separated by SDS-PAGE followed by fluo-
rography. In all cases, four major comigrating bands were
immunoprecipitated, corresponding in order of increasing
mobility to E-cadherin, a-, 3- and y-catenin.

FIG. 4. Detection of anti-p120 reactive materials 1n anti-
E-cadherin immunoprecipitates and E-cadherin 1n the anti-
p120 immunoprecipitates. MDCK cells were lysed 1n TX
buffer. Immunoprecipitations were performed with either
antibody to E-cadherin (rrl), the anti-p120 antibody or
anti-focal adhesion kinase (anti-FAK). A sham immunopre-
cipitation was performed in the absence of primary antibody
(-). Following separation by SDS-PAGE, parallel blots were
probed using: rrl (arrowhead, E-cadherin); anti-f3-catenin
(arowhead, (-catenin); anti-pl20 (arrowhead, anti-p120
reactivity); anti-FAK (arrowhead, FAK). Clearly, rr1 and the
ant1-pl120 antibody immunoprecipitated E-cadherin and
B-catenin. rrl could also immunoprecipitate anti-pl120
immunoreactive material, but to a lesser extent than that
immunoprecipitated by the anti-p120 antibody. Anti-FAK
could only immunoprecipitate FAK, and the sham immu-
noprecipitation did not result 1n any detectable E-cadherin,
3-catenin or anti-pl120 reactive material.

FIG. 5. Comparison of anti-f-catenin, anti-p120 and
2B12 immunoprecipitates from primary cultures of bovine
brain endothelial cells. Cells were labelled with [>°S]
methionine and then lysed in TX buffer or TDS buffer.
Immunoprecipitations were performed using anti-{3-catenin,
anti-p120 and 2B12. Proteins were separated by SDS-PAGE
followed by fluorography. In the {3-catenin immunoprecipi-
tation from TX lysed cells, bands corresponding to a cad-
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herin (C), a-catenin (o) and f3-catenin () have been indi-
cated. Under TDS conditions, a band (¢) corresponding to
p120 1s seen 1n the anti-p120 and 2B12 immunoprecipitates
and a further band (@)is only seen in the anti-p120
immunoprecipitate, corresponding to pl00.

FIG. 6 (A-D). Detection of p120/p100 in [-catenin

immunoprecipitates and (3-catenin in anti-p120 immunopre-
cipitates from human umbilical vein endothelial cells (Panel

A) and ECV304 cells (Panel B). Cells were lysed in either
TX or TDS buffer. Lysates were immunoprecipitated using
anti-3-catenin or the anti-p120 antibody, followed by analy-
sis by SDS-PAGE and immunoblotting. The migration of
B-catenin (arrowheads), p100 (@) and p120 (o) have been
indicated. Note the absence of anti-p120 reactive material 1n
the [-catenin i1mmunoprecipitates obtained using TDS
buffer. Even though p-catenin and p100, as defined by its
reactivity with anti-p120 antibody, migrate very closely,
they are clearly distinct proteins.

FIG. 7 (A-B). Localization of anti-p120 reactivity and
B-catenin 1n MDCK cells, and brain endothelial cells.
MDCK cells (Panel a, b) and porcine brain endothelial cells
(Panel ¢, d) were co-labelled with anti-p120 antibody (Panel
a, ¢) and anti-fB-catenin antibody (Panel b, d). Secondary
antibodies were fluorescein-conjugated anti-mouse and
rhodamine-conjugated anti-rabbit. In this instance, 1t was
verifled that each secondary antibody was absolutely spe-
cilic for 1ts designated species of primary antibody. Bar: 20
{m.
FIG. 8 (A—H). Distribution of anti-p120 immunoreactiv-
ity 1n brain and skeletal muscle tissue of the rat. Brain tissue
was co-labelled with the anti-p120 antibody (a, ¢) and
anti-c.-catenin (b, d). Anti-p120 immunoreactivity and
a.-catenin co-localise at intercellular junctions of choroid
plexus epithelium (arrows, a and b) and ventricular ependy-
mal cells (arrowheads, a and b). Both antigens also
co-localise at interendothelial junctions of blood vessels of
macrovascular origin(arrows in ¢ and d). Microvascular
proiiles 1n brain sections were 1dentified by labelling with
anti-collagen IV antibody (f); co-labelling with the anti-
p120 antibody (e), revealed the presence of antigen at
interendothelial junctions (e, arrows). In these microvessels,
a-catenin co-localised with anti-p120 immunoreactivity
(not shown). In muscle tissue which had been cut perpen-
dicular to the orientation of the muscle fibres, anti-p120
immunoreactivity 1s limited to areas between muscle fibres
where blood vessels are located(g, arrows). Higher magni-
fication reveals a punctate staining pattern (h, arrows) which
1s likely to reflect anti-p120 immunoreactivity at interendot-
helial junctions. In Panels a, ¢ and e, bp depicts the brain
parenchyma; in Panel a, v the ventricular lumen and cp the
choroid plexus; 1n Panel g, m refers to muscle tissue. Bars:
(a, g), 100 um; (c, ¢, h), 25 um.

FIG. 9. Sequence analysis of peptides derived by LysC
proteolysis of pl00 from Caco-2 cells. Caco-2 cells(20x
confluent 9 cm dishes) were lysed in TX buffer to minimize
nuclear lysis. Insoluble protein was removed by centrifuga-
tion. Deoxycholate and SDS were added to the supernant to
give (w/v) 0.5% and 0.2% final concentration, respectively.
Addition of these detergents results 1in dissociation of p100
and p120 from the cadherin/catenin complex. p120 and p100
were 1mmunoprecipitated from the lysate using the anti-
p120 antibody (which also recognizes p100) from Trans-
duction Laboratories, rabbit anti-mouse IgG and Protein A
Sepharose. The immune complex was washed five times and
then dissociated by the addition of Laecmmli sample buifer
followed by heating at 100° C. for 5 minutes. Proteins were
precipitated by addition of four volumes of ethanol and
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incubation at -20° C. for 16 hours. The precipitate was
resolved by SDS-PAGE (6% acrylamide) and proteins were

visualized by Coomassie Blue. Protemn corresponding to
pl00 was excised from the gel and digested with LysC.
Peptides were separated by HPLC and sequenced. Mouse
pl120 sequence was described by Reynolds et al., 1992.

Clearly, human p100 1s closely related to mouse p120.

In this figure the standard single letter amino acid code 1s
used. Additionally “X” 1s used to designate any amino acid.

EXAMPLE

In the Examples given later the following materials and
methods were used:-

Antibodies

The anti-canine E-cadherin antibody rrl developed by
Gumbiner and Simons (1986) was provided by Barry Gum-
biner (Memorial Sloan-Kettering Cancer Center, N.Y.) or
obtained from the Developmental Studies Hybridoma Bank
maintained by the Department of Pharmacology and
Molecular Sciences, Johns Hopkins University School of
Medicine, Baltimore, Md. 21205, and the Department of
Biological Sciences, Unmiversity of Iowa, Iowa City, Iowa
52242, under contract NO1-HD-2-3144 from the NICHD.
The anti-human E-cadherin antibody HECD-1 (Shimoyama
et al., 1989) was from Takara Biomedicals (Shiga, Japan).
Anti-p120 and anti-focal adhesion kinase (FAKK) antibod-
ies were from Transduction Laboratories (Lexington, Ky.).
The anti-p120 antibody 2B12 (Kanner et al., 1990) was a gift
from J. T. Parsons (University of Virginia, Charlottesville,
Va.). The peptide-directed antibodies against c- and f3-
catenin (Staddon et al., J. Cell Sci. in press) were kindly
provided by Kurt Herrenknecht (Eisai London Research)
Laboratories Lt., University College London, London UK).
All secondary antibodies used for immunoprecipitation and
immunocytochemistry were from Jackson Laboratories Inc.
(West Grove, Pa.). HRP-conjugated secondary antibodies
used for immunoblotting were from Amersham
(Bukinghamshire, UK).

Cells

The following cells were cultured at 37° C. in medium
contaming 100 U/ml penicillin and 100 ug/ml streptomycin:
Caco-2 (epithelial cells derived from a human colonic
tumour: 5% CO,, M199, 10% FCS); LLC-PK1 (epithelial
cells dertved from porcine kidney: 5% CO,, M199, 10%
FCS); MDBK (epithelial cells derived from bovine kidney:
5% CO,, MEM, 10% FCS); Strain 1 MDCK cells (epithelial
cells dertved from canine kidney: 5% CO,, MEM, 10%
FCS); RBE4 cells (immortalized rat brain endothelial cells
(see Durieu-Trautmann et al., 1993): 5% CO,, a-MEM:
Ham’s F10 (1:1), 10% FCS, 0.3 mg/ml geneticin, 1 ng/ml
bFGF); Swiss 3T3 fibroblasts (10% CO,, DMEM, 10%
FCS). Caco-2, ECV304. LLC-PK1 and MDBK cells were
obtained from the FEuropean Collection of Animal Cell
Cultures (Salisbury, UK). MDCK cells were provided by
Barry Gumbiner. RBE4 cells were from Pierre Couraud
(Université Paris VII, Paris, France) and Swiss 3T3 fibro-
blasts were from Enrique Rozengurt (Imperial Cancer
Research Fund, London, UK). Human umbilical vein endot-
helial cells were from Clonetics (Palo Alto, Calif.) and
cultured according to the manufacturer’s instructions. Pri-
mary cultures of bovine or porcine brain endothelial cells
were grown as described by Rubin et al. (1991). For experi-
mental purposes, confluent cultures of Caco-2, MDBK,
MDCK and brain endothelial cells were established on
tissue culture-treated, polycarbonate Transwell filters
(polycarbonate, 0.4 um; Costar, Cambridge, Mass.). Other
cells were grown on tissue culture plastic.
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Immunoblotting and Immunoprecipitation

Whole cell lysates from cultures maintained for 16-20

hours 1n 0.5% serum were prepared by rapidly replacing the
medium with hot Laemmli sample buffer (Laemmli, 1970)
supplemented with 5 mM EDTA, followed by heating at
100° C. for 5 minutes. Proteins were resolved by slab-gel
electrophoresis as described by Laemmli, (1970). The gels
were equilibrated i buffer containing 48 mM Tris, 39 mM

glycine, 0.03% SDS (w/v) and 20% methanol (v/v), and then
transferred to nitrocellulose filters (Hybond ECL,

Amersham). After Ponceau S staining, the filters were
blocked 1n 5% (w/v) non-fat dried milk in PBS at 4° C. for

16—18 hours. Filters were then incubated with primary
antibody in PBS containing 0.05% Tween-20™ and 1%
BSA, followed by detection with appropriate HRP-

conjugated secondary antibody and chemiluminescence
(ECL, Amersham).

Immunoprecipitations were performed at 4° C. Cultures
were rinsed with PBS and then lysed in either TX buffer (1%
(v/v) Triton X-100 ™, 25 mM Hepes, 2 mM EDTA, 0.1 M
NaCl, 25 mM NaF, 1 mM vanadate, 25 uM phenylarsine
oxide, pH 7.6 (adjusted with NaOH), 1 mM PMSF, 10 ug/ml
soybean trypsin inhibitor, 0.1 U/ml «.,-macroglobulin, 10
wg/ml leupeptin) or TDS buffer, which was identical to the
TX buffer except that it was supplemented with 0.5% (w/v)
sodium deoxycholate and 0.2% (w/v) SDS. The cells were
incubated with lysis buffer for 10-15 minutes and then
scraped. The lysates were collected and centrifuged at
14,000 x ¢ for 20 minutes. The supernatant was precleared
with Protein A sepharose ™ (Pharmacia, UK) for 1-2 hours
and then incubated with primary antibody for 1 hour fol-
lowed by a further 1 hour with Protein A Sepharose alone,
in the case of rabbit antibodies, or together with rabbit
anti-mouse antibodies for the mouse monoclonal antibodies.
After five washes 1n lysis buffer, immune complexes were
dissociated by addition of Laemmli sample buifer followed
by heating at 100° C. for 5 minutes. Protein analysis was by
SDS-PAGE and immunoblotting as described above.

For [*°S]methionine labelling, the cultures were washed
twice 1n methionine-free MEM supplemented with 0.5%
FCS. The cells were incubated for 16—18 hours in this
medium containing 50 u#Ci/ml [*>S]methionine (>1000
Ci/mmol, Amersham). Protein analysis was by SDS-PAGE,
followed by fixation in 25% methanol/10% acetic acid.
Labelled protein was detected either by direct autoradiog-
raphy at room temperature or by fluorography at —80° C,

following i1mpregnation of the gel with Amplifty ™
(Amersham).

Immunocytochemistry

Cells were fixed at room temperature for 15 minutes in
3% paraformaldehyde made up 1n PBS containing 0.5 mM
caCl, and 0.5 mM MgSO,. Fixed cells were washed and
then permeabilized by mncubation with 0.5% Triton X-100™
in PBS for 10 minutes. After washing, the cells were
incubated for 30 minutes 1n PBS containing 10% calf serum
and 0.1 M lysine, pH 7.4. Incubation with primary antibody
was 1n pBS containing 10% calf serum for 1 hour. After
washing, the cells were then incubated for 30—60 minutes
with a 1:100 dilution of fluorophore-conjugated anti-mouse
or anti-rabbit IgG, as appropriate, in PBS containing 10%
call serum. After washing, the filters were mounted with
Citifluor (Citifluor Products, Canterbury, UK) and examined
using a Nikon™ Microphot-FXA™ fluorescence micro-

scope fitted with 40 x and 60 x objectives. Photographs were
taken using Kodak™ T-MAX film (400 ASA).

For the preparation of cryosections, brain and skeletal
muscle from CO,-asphyxiated rats were removed and rap-
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1dly frozen 1n liquid nitrogen. Tissue blocks were mounted
in Tissue Tek (R. Lamb, London, UK) and sections of 5-10
um thickness were cut on a Bright cryostat, air-dried and
stored for up to 4 weeks at -20° C. After thawing, the
sections were fixed and permeabilized as described above.
The sections were then washed, blocked with PBS contain-
ing 10% calt serum for 15 minutes and incubated with
primary antibody diluted 1n PBS containing 10% calf serum
for 2 hours. After washing, they were incubated with PBS
containing 10% calf serum with either 10% goat serum or
10% donkey serum, as appropriate for the host of the
secondary antibody, for 15 minutes. They were then 1ncu-
bated with secondary antibody diluted 1n PBS and serum for
1 hour. Sections were washed, mounted and examined as
described above.

EXAMPLE 1

Antibody Characterization: p120 and p100 Proteins

SDS lysates of a variety of cell types were analyzed by
immunoblotting for expression of p120 using an anti-p120
antibody (FIG. 1 A). This antibody was raised against a
fusion protein containing amino acids 790-911 at the
C-terminus of p120. The antibody clearly reacted with two
distinct bands of apparent molecular mass 120 kDa and 100

kDa 1n extracts of Caco-2, ECV 304. RBE4, Swiss 3T3,
LLC-PK1. MDBK and brain endothenal cells. We will
hereafter refer to these two bands as p120 and p100. With the
MDCK cells a broad continuous band was detected. The
relative intensity of the staining of p120 and p100 depended
on the cell type. For example, p100 was more 1ntense than
p120 m Caco-2 cells and 1n the Swiss 3'T3 cells the reverse
was observed. These blots were also probed with the mono-
clonal anti-p120 antibody 2B12, raised against a phospho-
tyrosine 1mmunoprecipitate prepared from pp60°" trans-
formed chicken embryo fibroblasts (Kanner et al., 1990).
This antibody recognised only the upper of the two bands
(FIG. 1 B). 2B12 reacted strongly with bovine protein,
moderately with rodent protein and weakly with human
protein. However, 1t failed to react with extracts of the
LLC-PK1 (porcine) and MDCK (canine) cells, reflecting

limited cross-species reactivity.

The relationship between the known pp60°' substrate
p120 and p100 was further examined by immunoblot analy-
sis of immunoprecipitates from cells lysed. in TDS bulffer,

used to minimize protein-protein interaction (FIG. 2A).
MDBK cells were used since both the anti-p120 and 2B12

antibodies worked well (FIG. 1). In the anti-p120
immunoprecipitates, p120 and p100 were detected by blot-
ting with the anti-pl120 antibody. 2B12 only reacted with
pl20 1n these 1mmunoprecipitates. In 2B12
immunoprecipitates, blotting with both 2B12 and the anti-
p120 antibody revealed p120. Thus, 2B12 recognized p120,
whereas the anti-pl120 antibody recognized the same p120
protein as 2B12 and, 1n addition, a p100 protein.

Autoradiographic analysis of immunoprecipitates of [>S]

methionine-labelled MDBK cells, as resolved by SDS-
PAGE (FIG. 2B), revealed that the p120 protein migrated as
a cluster of bands that were identical 1n the both 2B12
immunoprecipitates and the anti-p120 immunoprecipitates.
However, 1in the anti-p120 immunoprecipitates a similar
cluster of additional bands corresponding to pl00 was
detected. Technically, detection by immunoblotting was
light based (chemiluminescence) which does not have the
oreater resolution of direct autoradiography, hence the mul-
tiple bands seen 1n FIG. 2B appear as a broad band 1n FIG.
2A. The basis of the multiplicity of the bands corresponding
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to p120 and p100 1n the MDBK cells 1s not clear. However,
““Plphosphate-labelling of these cells raised the possibility
that these bands may represent differentially phosphorylated
protein (results not shown).
Association with the Cadherin/Catenin Complex: Epithelial
Cells

We next examined the possibility of association of p120
or p1l00 with other proteins. When TDS lysates of [°S]
methionine-labelled MDBK cells were immunoprecipitated
wit the anti-p120 antibody, p120 and p100 were 1solated as
the major proteins corresponded to those detected by 1mmu-
noblotting (FIG. 2). Similarly, the major bands seen in

immunoprecipitates from TDS lysates of [>°S]methionine-
labelled MDCK cells corresponds to the broad band detected

by immunoblotting (cf. FIG. 1A and FIG. 3A). In contrast,
the anti-p120 immunoprecipitates from MDCK cells lysed
in TX buffer, used to preserve macromolecular protein
complexes, revealed additional distinct bands at approxi-
mately 130 kDa, 105 kDa and 97 kDa (FIG. 3A). Proteins
of similar molecular mass were seen 1n E-cadherin immu-
noprecipitates from similarly lysed cells (FIG. 3A). In this
case, the 130 kDa band corresponds to E-cadherin, the 97
kDa band to p-catenin, and the 105 kDa band to a.-catenin,
which 1s dissociated from the complex by lysis in TDS
buffer (see McCrea and Gumbiner, 1991). Thus, it appeared
that the ant1-p120 antibody may be capable of immunopre-
cipitating the cadherin/catenin complex.

Caco-2 cells were also [>>S Jmethionine-labelled, lysed in
TX buffer and immunoprecipitations were performed using
the anti-E-cadherin antibody HECD-1, anfi-p-catenin anti-
body or the ant1-p120 antibody. HECD-1 or anti-f3-catenin
clearly immunoprecipitated four major bands corresponding
in order of increasing mobility to E-cadherin, o-,[-, and
v-catenin. Similar bands were immunoprecipitated, but to a
lesser extent, with the anti-p120 antibody (FIG. 3B). These
results (not shown) were also obtained in MDBK cells when
B-catenin 1mmunoprecipitates were compared with those
obtained with the anti1-p120 antibody. Thus, 1t appears that
the ant1-p120 antibody can immunoprecipitate proteins that
comigrate with those of the cadherin/catenin complex from
a variety of epithelial cell lines.

The comigration of bands in the anti-pl120 and anfi-E-
cadherin 1immunoprecipitates suggests, but does not prove,
that anti-p120 1s capable of immunoprecipitating the
cadherin/catenin complex. Therefore, the idenfity of the
proteins in the E-cadherin and anti-p120 immunoprecipi-
tates was examined by immunoblotting (FIG. 4). As
expected, E-cadherin and [3-catenin were both present 1n the
rrl immunoprecipitates. An anti-p120 reactive band display-
ing a mobility that was similar to that of p-catenin was also
present 1n the rrl immunoprecipitates. In the anti-p120
immunoprecipitates, anti-pl20 reactive material was also
present, unsurprisingly, but to a greater extent and migrated
as a broader band than that seen 1n the rrl 1immunoprecipi-
tates. In the anti-p120 immunoprecipitates, E-cadherin and
3-catenin also were clearly detected. Omission of primary
antibody did not result 1n E-cadherin, anti-p120 reactivity or
3-catenin 1n the immunoprecipitates. Immunoprecipitation
with anti-FAK antibody, of the same species and 1sotype as
the anti-p120 antibody, immunoprecipitated FAK but not
E-cadherin, (3-catenin or anti-p120 reactivity (FIG. 4).

It should be noted that although [-catenin and the anti-
pl120 1mmunoreactive band seen in the anfti-E-cadherin
immunoprecipitates have a similar mobility (FIG. 4), this
does not represent cross-reactivity of the anti-p120 antibody
with [3-catenin. Thus, in p-catenin immunoprecipitates from

MDCK cells lysed 1n TDS buifer, which resulted 1n disso-
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cilation of anti-p120 reactive material from the complex of
f-catenin and E-cadherin (see FIG. 3A), the anti-p120
antibody failed to react with [3-catenin. Conversely, anti-
p120 immunoprecipitates from TDS lysed cells fail to con-
tain 3-catenin immunoreactivity (results not shown). We
also observed the anti-p120 immunoreactive band, as seen 1n
the rrl immunoprecipitates (FIG. 4), in a-catenin and
f-catenin immunoprecipitates (results not shown).
Therefore, on the basis of the comigration of [>°S]
methionine-labelled bands seen in anti-E-cadherin and anti-
pl120 immunoprecipitates of cells lysed 1n TX buffer, it
appeared that the anti-p120 antibody could immunoprecipi-
tate the cadherm/catenin complex. By immunoblotting, the
unequivocal idenfification of E-cadherin and 3-catenin in the
anti-p120 immunoprecipitates verified this interpretation.

Example 2

Association with the Cadherin/Catenin Complex:
Endothelial Cells

Endothelial cells form junctional complexes of similar
composition to those found in epithelial cells (for review, see
Rubin, 1992). As shown (FIG. 1), endothelial cells also
contain p120 and p100 proteins. We therefore asked whether
p100/p120 1s also associated with the cadherin/catenin com-
plex 1in endothelial cells. Brain endothelial cells were
labelled with [>>S]methionine, lysed with TX buffer and
immunoprecipitated with either anti-3-catenin antibody,
anti-p120 antibody or, because of 1its strong reactivity
against bovine protein (see FIG. 1), 2B12 . The anti-f3-
catenin antibody clearly immunoprecipitated three major
proteins (FIG. 5), corresponding in order of increasing
mobility to a 120-130 kDa band, probably representing a
cadherin, and o-(105 kDa) and P-catenin (97 kDa). The
anti-p120 antibody immunoprecipitated proteins (but to a
lesser extent than those observed in the {3-catenin
immunoprecipitates) that comigrated with a- and f3-catenin
and a broad 120 kDa band, representing p120 (see later), that
migrated between the presumptive cadherin and c.-catenin
(FIG. §). In the 2B12 immunoprecipitates, proteins that
comigrated with a- and [3-catenin were also observed but to
a much lesser extent than observed 1n the B-catenin 1mmu-
noprecipitates. Again, a broad 120 kDa band was observed
in these immunoprecipitates. From TDS lysates, anti-{3-
catenin antibody could still precipitate {3-catenin, but anti-
p120 antibody failed to do so. Instead, a diffuse band was
observed that migrated slightly more slowly than {3-catenin,
and this was absent 1n the 2312 immunoprecipitates, there-
fore representing pl00. In the 2B12 immunoprecipitates,
only the 120 kDa band was observed. Thus, association
between the catenins and pl20 or pl00 appeared to be
observed 1 TX lysates, but not TDS lysates, of brain
endothelial cells.

To explore the generality of these observations, similar
experiments were performed using human umbilical vein
endothelial cells (FIG. 6A) and ECV304 cells (FIG. 6B) but
using 1immunoblot analysis. Thus, from cells lysed 1n TX
buffer, anti-p-catenin antibody immunoprecipitated
B-carenin, as expected, but also two bands of anti-p120
immunoreactivity, corresponding to pl0O0 and pl120.
Similarly, the anti-p120 antibody immunoprecipitated p100
and pl120l, as expected, and [3-catenin. However, as for the
brain endothelial cells and the epithelial cells, TDS bufler
resulted 1n dissociation of [3-catenin and p100/p120. These
data corroborate those obtained from the analysis of the
immunoprecipitates from [>°S]methionine-labelled brain

endothelial cells (FIG. §).
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Example 3

[ocalization of Cell-Cell Junctions

To 1nvestigate the cellular localization of p100/p120,
immunocytochemical analysis was performed.
Unfortunately, 2B12 did not label cells under the fixation
conditions that were tried (paraformaldehyde and methanol).
However, the anti-p120 antibody (which recognizes p120
and p100) stained cells well. Double-labelling of MDCK
cells with anfi-p-catenin and the anti-p120 antibody revealed
a striking co-localization of {3-catenin and anti-p120 1mmu-

noreactivity (FIG. 7a,b). Similar results were found for the
brain endothelial cells (FIG. 7¢,d).

Immunocytochemistry was further performed on frozen
sections of brain and skeletal muscle (FIG. 8). Anti-p120
immunoreactivity co-localized with a-catenin at mtercellu-
lar junctions of choroid plexus epithelium and ventricular
ependymal cells (FIG. 8a,b). In addition, the anti-p120
antibody stained inter-endothelial junctions in both large
(FIG. 8c¢,d) and small blood vessels of the brain (FIG. 8e,f)
and blood vessels of muscle tissue (FIG. 8g,/1). At the given
detection level, ant1-p120 immunoreactivity was limited to
endothelial and epithelial cells in the two types of tissue
investigated.

In the present study, immunoblot analysis of a variety of
different cells revealed that the anti-p120 monoclonal anti-
body 2B12 (Kanner et al., 1990) recognized a broad band of
approximately 120 kDa. Another anti-p120 monoclonal anti-
body that had been raised against the C-terminal portion of
p120 recognized the same bands as 2B12 and, i addition,
another cluster of bands at 100 kDa. The reason for the
multiplicity of bands at 120 kDa and 100 kDa 1s not clear,
but obviously they are immunologically related. The pattern
of appearance of these multiple bands also depended on the
cell type. For example in MDCK cells, the bands were very
diffuse, whereas 1n MDBK cells they were clearly resolved,
especially when visualized by [°°S]methionine labelling in
the absence of fluorographic reagent. It 1s possible that
post-translational modification, such as phosphorylation and
myristoylation may account for the appearance of multiple
bands. The relationship, apart from the immunological one,
between p120 and p100 1s not yet clear. The Northern blots
described by Reynolds et al. (1992) suggested the possibility
of p120-related gene products or alternatively spliced tran-
scripts. Furthermore, Southern analysis apparently indicated
that one or more p120-related genes exit (Reynolds et al.,
1992). It follows that the cluster of bands corresponding to
p120 and the similar cluster to pl100 could also represent
splice variants of, respectively, p100 and p120. It 1s also
possible that pl00 could simply represent a degradation
product of pl120, although samples were prepared in dena-
turing buffer and 1immunoprecipitations were performed 1n
the presence of 1nhibitors of a broad spectrum of proteases.

Our results provide evidence that pl120/p100 associates
with the cadherin/catenin complex. Thus, from
TX-solubilized epithelial cells, anti-pl120 antibody 1mmu-
noprecipitated [>°STmethionine-labelled proteins that comi-
orated with those immunoprecipitated by cadherin antibod-
ies (FIG. 3). Immunoblot analysis verified the identity of
these proteins as cadherins and catenins (FIG. 4). Similarly,
anti-p120 reactive protein was seen 1n the anti-E-cadherin
immunoprecipitates from MDCK cells, although on the
basis of mobility this appears to represent primarily p100,
not p120 (FIG. 4). However, it should be noted that p120
Immunoreactive protein was not unequivocally identified in
the MDCK cells because of the poor reactivity of the 2B12
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antibody with canine protein. This apparent association
between pl120/p100 and the cadherin/catenin complex was
not restricted to epithelial cells as similar results were
obtained using endothelial cells, both by [*°S]methionine-
labelling (FIG. §) and immunoblot analysis (FIG. 6).
However, although our results clearly show an interaction
between catenins and p120/p100 1in endothelial cells, we did
not identify a cadherin in the anti-p120 immunoprecipitates.
The mterpretation of the biochemical analyses of the protein
complexes 1n the epithelial and endothelial cells 1s further
supported by the immunocytochemical study. In cultured
cells and 1n tissue sections, anti-p120 1 mmunoreactivity was
strongly associated with intercellular junctions, displaying a
localization that was remarkably similar to that obtained
with anti-f3-catenin antibody (FIGS. 7 and 8). Here, we were
restricted to using the anti-p120 antibody which might
recognize either p120 or p100, or both.

Of course, one explanation for the ability of anti-p120
antibody to immunoprecipitate the cadherin/catenin com-
plex 1s that 1t cross-reacts with one of the known components
of the complex. However, this i1s unlikely for the following
reasons. TDS lysis of cells dissociates a-catenin and
v-catenin from the cadherin and P-catenin complex (see
McCrea and Gumbiner, 1991). In anti-E-cadherin immuno-
precipitates from MDCK cells lysed 1n TDS bufler, anti-
pl120 antibody failed to react with E-cadherin or the
co-precipitating f3-catenin. In anfi-c-catenin 1mmunopre-
cipitates from MDCK cells lysed in TDS buffer, anti-p120
antibody failed to react with a-catenin (results not shown).
As shown 1 FIG. 6, p-catenin immunoprecipitates from
TDS-lysed endothelial cells, although clearly containing
3-catenin, and presumably a cadherin, did not contain any
anti-p120 reactivity. Cross-reactivity with y-catenin, a pro-
tein of approximately 85 kDa, 1s unlikely as the immunob-
lots shown 1n FIG. 1 fail to show reactivity with protein

below 100 kDa.

One problem that has to be addressed concerns the lack of
any obvious [*>S]methionine-labelled bands that correspond
to p120/p100 1n the cadherin immunoprecipitates from TX
lysed cells. Thus, as shown 1n FIG. 3, rrl and the anti-p120
immunoprecipitates from MDCK cells look remarkably
similar. However, 1t 1s clear from the anti-p120 immunopre-
cipitates from TDS lysed cells that the anti-p120 reactive
material migrates as a broad band, the bulk of which
migrates between o- and [3-catenin, with the remainder
migrating slightly slower than co-catenin. In conjunction
with the immunoblot analysis shown in FIG. 4, which
demonstrates that only a fraction of the anti-p120 1mmu-
noreactive material 1s immunoprecipitated by rrl, and the
fact that p120 contains about half of the number of methion-
ines 1n a- and p-catenin, 1if we assume steady-state labelling,
then 1t 1s obvious that 1t would be difficult to see any
labelling corresponding to the anti-p120 1mmunoreactive
material 1n the rrl immunoprecipitates. Similarly, with
respect to the experiments with the brain endothelial cells
(FIG. 5), under the extraction conditions employed it
appears that only a fraction of the pool of the cadherin/
catenin complex associates with pl100, and even less with
p120. Thus, 1t would be difficult to see labelling of bands
corresponding to pl20 and p100 1n the P-catenin 1mmuno-
precipitates as this region of the gel 1s already occupied by
other major bands. It 1s also difficult to discern a band
corresponding to the cadherin seen 1 the B-catenin immu-
noprecipitates in either the anti-p120 or 2B12 immunopre-

cipitates because of the dominance of the labelling of p120
(FIG. 5).

We emphasize that there are also clear quantitative dif-
ferences with respect to the ability of 2B12 and anti-p120




US 6,245,388 Bl

13

antibody to immunoprecipitate the cadherm/catenin com-
plex. Due to poor reactivity of 2B12 with canine protein, this
could not be addressed with MDCK cells. In bovine brain
endothelial cells, the anti-p120 antibody immunoprecipi-
tated the cadherin/catenin complex, although not as well as
anti--catenin antibody. 2B12 was even less effective than

anti-p120. As anti-pl120 recognizes pl20 and pl100, and
2B12 only p120, the difference 1n the amount of the complex
immunoprecipitated must be attributable to greater associa-
fion of p100 with the catenins. As far as we can tell, the
ciiciency of anti-p120 and 2B12 in immunoprecipitation
was similar in this experiment (see FIG. § for the similar
intensity of a band corresponding to p120 1n the anti-p120
and 2B12 immunoprecipitates from cells lysed in TX
buffer). These data also indicate that independent complexes
of p100 and p120 exist with catenins, rather than a catenin/
p100/p120 complex. If the latter were the case, 2B12 would
be expected to immunoprecipitate as much of the catenins as
anti-p120 antibody.

Our study provides a link between p120/p100 and adhe-
rens junction proteins. It 1s possible that such an interaction,
perhaps via the mfluence of regulatory kinases, such as src,
lyn and yes (see Tsukita et al., 1991), may play a role in the
modulation of cadherin function, and thereby other cellular
functions 1nfluenced by the adherens junction. With respect
to phosphorylation, the tyrosine phosphatase inhibitor phe-
nylarsine oxide was found to cause an increase 1n tight
junction permeability in MDCK cells (Staddon et al., J. Cell
Sci. in press). This inhibitor increased the tyrosine phospho-
rylation of the anti-p120 immunoreactive material (a major
p100 band, a minor p120 band) in these cells, as analyzed by
anti-p120 immunoblotting of anti-p120 immunoprecipitates
from SDS lysates (results not shown; see Staddon et al., J.
Cell Sci. 1n press). The p120/p100 proteins could also be
involved 1n the interaction between cadherins and the actin-
based cytoskeleton. p120/p100 may also be part of a sig-
nalling cascade, communicating information about the state
of cell-cell adhesiveness to the interior of the cell.

f-catenin is an arm protein (McCrea et al., 1991) and can
associate with cadherins and the APC gene product
(Rubinfeld et al., 1993; Su et al., 1993), also an arm protein
(see Peifer et al., 1994). p120 is an arm protein (Reynolds et
al., 1992; Peifer et al., 1994), and, as we describe here, p100
1s an immunologically related protein. These proteins can
interact with p-catenin. The exact nature of the interaction
between pl20/p100 and the catenins remains to be estab-
lished. These proteins may interact directly, or associate
with different regions of the cytoplasmic domain of cad-
herms. Other linking or mtermediary binding proteins could
also be 1mnvolved. Clearly, there appears to be diverse inter-
actions among arm proteins, suggesting the importance of
the arm motif 1n intracellular signalling.

In summary, our studies identify p100 as a p120-related
protein. We present evidence that these proteins interact with
the cadherin/catenin complex. Given the important role of
the cadherin/catenin complex 1n cellular transformation and
the 1dentification of p120 as a pp60°" substrate, this suggests
that p120/p100 may play a role in cellular growth control
and other processes, such as tight junction permeability
control, via an mfluence on cell-cell adhesion.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(111) NUMBER OF SEQUENCES: 9

(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Not Relevant

(ii) MOLECULE TYPE: peptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
Asn Ile Ser Phe Gly Arg Asp Gln Asp Asn Lys
1 5 10
(2) INFORMATION FOR SEQ ID NO: Z2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Not Relevant
(ii) MOLECULE TYPE: peptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
His Ala Ile Pro Asn Leu Val
1 D
(2) INFORMATION FOR SEQ ID NO: 3:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Not Relevant
(ii) MOLECULE TYPE: peptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
Xaa Val Leu Ile Asn Lys
1 D
(2) INFORMATION FOR SEQ ID NO: 4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Not Relevant
(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

Xaa Pro Ile Glu Asp Pro Ala Asn Asp Thr Val Asp Phe Pro Xaa
1 5 10 15
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—continued

(2) INFORMATION FOR SEQ ID NO: 5:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Not Relewvant

(ii) MOLECULE TYPE: peptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
Xaa Pro Ser Gly Ala Leu Arg Asn Leu Ala Val Asp Ala Arg Xaa
1 5 10 15
(2) INFORMATION FOR SEQ ID NO: 6:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Not Relewvant
(ii) MOLECULE TYPE: peptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
His Ala Arg Pro Asn Leu Val
1 5
(2) INFORMATION FOR SEQ ID NO: 7:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Not Relewvant
(ii) MOLECULE TYPE: peptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
Leu Val Leu Ile Asn Lys
1 5
(2) INFORMATION FOR SEQ ID NO: §:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Not Relewvant
(ii) MOLECULE TYPE: peptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
Lys Pro Thr Glu Asp Pro Ala Asn Asp Thr Val Asp Phe Pro Xaa
1 5 10 15
(2) INFORMATION FOR SEQ ID NO: 9:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: Not Relevant
(ii) MOLECULE TYPE: peptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

Ala Ala Ser Gly Ala Leu Arg Asn Leu Ala Val Asp Ala Arg Lys
1 5 10 15
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What 1s claimed 1s: wherein the letters used are based on the standard single
1. A substantially pure protein p100 having a molecular letter amino acid code, and wherem “X” designates any
weight of about 100 kDa as determined by sodium dodecyl amino acid;

wheremn said protemn 1s associated in vivo with the

catenin-cadherin complex of epithelial or endothelial
cells;

wherein said protein has cross-reactivity with an antibody
to p120; and

wherein said protein 1s not recognized by antibody rrl;

sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
under reducing conditions, wherein said p100 comprises one
or more of the following amino acid sequences:

(i) NISFGRDQDNK (SEQ ID NO:1),

(i) HAIPNLV (SEQ ID NO:2), g With the proviso that said protein is not p120.
(iii) XVLINK (SEQ ID NO:3), 1g.OTht—:: protein of claim 1, wherein said protein 1s human
p100.

(iv) XPIEDPANDTVDFPX (SEQ ID NO:4), and
(v) XPSGALRNLAVDARX (SEQ ID NO:5), k% % %
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